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; 1,4-DIPJMTLBUTADIYNEAS A POTSNTIALTRITIUMGETTER
.

% H. ?liller,K R. Bissell,R. T. Taugan, and P. C. Bouem

Univemityof tilifornti
LaurenceLYvermoralaboratory

..
ABsTiticT

Researchon theecetylenecompound”l,4-di-
phenylbutadiynaLa an effortto develop● trl%um
gas getterthatwilloperateIn the prasenoe of
air and tinietlzethe formationof inter. T2
addsto theacetylenebondof thegetterin the

praeenee of a metalcatalyst. The oatalyststti.
ulata theT242 reactionas well. The buta-
diynacompoundhas shoungood reaction efficiency
for300 pprnT2 in statio dry ●lr ●t room tem-
peratureand ona atmospherepreaaum. 14etal-
●cet ylene complexes are beingsynthesized,posi-
tioningthemetal catalyst●tom ●s closeto the
triplebondas possibleto maximizethe organio
reaction.Organometallicasuchas triphanylphoa-
phinairidiumare beiuginvestigatedas poesible
raganeratlvegettersfor T2 in ●ir. 0ss mix-
tures as 10U ●s 1 pprnT2 In air will be tasted
underflw conditionsin futurework.

coRRRiTTECHJOMGT

At a fbalonreactorthereis ● poealbll.ityof:~
● trltiumreleaseintothe air of ● mum. There
la no substanoeusedpresentlythatwilldlreotly
reactwithtrltiumin thepmaenoa of ●ir.
Instead,T2 AS reacted ulth oxygenover● pal-
ladiummtalyst to formtrltiatedwater,whichla
thenadsorbedon a zaollte bed. Since tritiated
waterid a far mom toxicformof tritiumthan
tritiumgas,we haveundertakenthe studyof ao9-
poundathatwill reaotdirectlywith tritlumIn
w presenceof ●ir. lie have concentratedon the
hydrogenationof ●aetylene.

.

—— .-——
The firstorganic etter=s otudied●t

Sandia,Ubuquarqua.I‘~ The gettarwas intended
for hydrogenh ●tacwpherasnot containing oxy-
gen. The maaaroherssalectadDPPE (dlmerlzed.,
Phenylpmvarfflether),C@1402, [2,4-hexadima;
1,6-dIol,1,6-diphenyl-JwMnh posseesestwooar-
bon~b~ triplebonds. The Hz matted effi-

,
dently at mom temperaturein the pmsenca of

..- ..-. -——.
Work parfozuedunderthe auspicesof theU.S.
Dapertaent of Energyby the LawrenceLlvemore
LaboratoryundercontractnumberW-7405-ENG4S.“

palladiumcatalyston calciumcarbonate.‘“Them
tms comeevidenceof reactionin air, howeverno
catalystblank=a run for oompariaon.1 The
oompoundreactedincompletelywith pure tritium
thenoutgasseddue to possibleradlatlondamage.3

Me select1,4-Dlphenylbutidi~e,4Cl H ,
870c,[benzene;1,1‘-(l,3-butadiyna-l,4-$Ij%biz-]
UhiOII b a hydrocarbonOf the StrUCtUM C6&3- ‘
=C-C%C-C6 .

%a
As la the casenith the Sandia

compound,t phenylgroupsam presentto add
radiationetabllity.The etherlinkageson the
Sandlacompoundhavebeen mplacad with carbon.
carbonbondsto furtherimprove stability.Mike
Smith,of Bendix, haa deterrnlnadthatDPPE’sether
lirikagesare subjectto breakageduringcon-
ventionalhydrogenation●nd selectedthe hydro-
carbm as an improvedhydrogengetter.5

EXPERIMENTALRESULTS

1,4-Diphenylbutadiynawas avaluatedat room
temperatureand 1 atamephem pmsaum at tritium
concentmtionsrangingfrom300-500ppnT2 in
sta~icdry ●ir. Substmtas used to eupportthe
organloand oatalyatincludealcium carbonate,
aarbon,ohromoaorbw, fluompak 80 (a nylon)and
firebrick.Two e~eri.mantso? 30QppnT2 in
argonwem completedto naasum the axtant.of
waterformationin Inertatmosphem. T@ da- on
1,4-dlphenylbutidiynawith palladiumoatalyston
calciumcarbonateshowedthe reactionto be doa@n-
ated by the formationof ETO with only 11$of the
Inputtritiumgoingon the organicgetter. 2ram-
fnattonof this materialby electronmlcroaaopy
(SEW and x-raYphotoelectronspectroscopy(EBCA)
revealedthatthe organ%clayer=s distributed
unevenlyover the palladiumlcalclumcarbonate
(Fig.1),producinglocalizedareasof catalyst
and substrata.The proximityof the aetalcata-
lyst b the triplebondof me organlois believed
to be a criticalparameterio the getteringmaa-
tion. Sincethe catalystuorks on the o~gen ●s
well aa the tritiumwlecules to formfree radi-
cala,the fartherthe trItiummdlcal must travel
to reactwith the ●cetylenebond of the organic,
the greater the probabilitythatit vlll see an
oxygenfIrst and f om hot water. This id ~u-
fledby the factthatoxygenatomsoutnumber
tritiumatomsby threeto four ordersof magni-
tude. Therefore,considerableattentionhas bean
givento aubatratas-and the techniqueof laylng- --
down the catalyatand organia.
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Cur best msul u have been ebtdined from
getter samples comprised of 20S (~ .iu2gbt)
diphenylbutadlync cm firebrkk substrate with 1$
platinum metal. The tremendous mrfaoe area of
th2s rigid honey-combed mbstrate .11OWS for
optimum mating by the organic, and _2mizes WIS
number of ●nilable reaction sites, (Fig. 2).

AIKIW the experiments .ains 1S Pt. RUII 5U standa
out as exceptional; se= Table 1. We observed
752 of the input tritium in the organic phase
and omly 5X 1. the aqueous phaee. 182 “as
remain- in the mbstmte with m T2 remai&
unreaetcd in tbe gas phase.

?1s. 1. 95%DPBD on Pd/WO~ ti500

ti WAerial used la Runs 54 and 55 (20s
1, 4-dlpbenylktadlyne, 11 Pt cm flrnbrick) was
8yntbesized USII13 cIe?osoIAJT to ch~e the *urfaca
Chameteristics of tbe s“batrstc aligbtly and
allcw even coating M the platlrmm catilyst
(K~PtC14) . The unique featw-e of the m,terti
U,ti 1!)Rum 511 2S that the redwti~ Of tbe
Phtinlm metal “six sorjim bomb,tite ~, d~”~
in MM (ethylene glycol monomechyl ●ther). In cm-
trsst, the identical mterial with +.h. ~xc~pt$m. . ---- .

, Of being Fed”o& in methanol ah.m~ ~Iy .6% of
the input tritium in the o.g.miophase,60Z In

tbe ●queous phase and 23Z in the ●.betrate (sun
55). Run 42 used the anme pro.orti.an of

Fig. 2. 202DPBD/12 pt .n ~~bri=k 23500

7ANLS 1. GSI12R IIEVULTB~ 1, *-D IPH2N1LBuTAD1YNE W 20% ●nd 1 AIN W 300:500PP 72 M SYflTIC AIR

SW DPSD SussTmATz INITIAL H3L23
# (MM) OMAUIC

(e-3) (J) 3(e )

*2Q P3RSP.RIZK
53 20
82 20

, F1REBR12z
PIREBRIcs

3020 FUIEBRICZ
@o 20 PIREBRICK

a P2SEBRICS
220 nREBRIcK

FIREBBIcK
z %’ Cq
3360 *CO

8PmE S2cs
;: : CARBON

2U ?lu.arepmk 80
;20 Qwc.mosorb W
362a Zh-sorb U

20 ?lREBRICS
;20 P2REBRICS
462D FISEBRIU

20 P’IREBRICS
z 19.3 mzma

6
6
b

10

1:
6

10
12
11
11
7
9

12
12
12
12
9

11

:;
11
12

Cwursl
(“/w9)

1s Pt
1s n
1s n
1s PIN
1S Pd
1S Pd

0.1S Pd
1S Pd
5S Pd
5S Pd
1S Pd

‘5$ Pd
1$ Pd
1$ Pd
1S Pd
1s Ni
1s Au

-2-

DscAliIc

76.8
0.6

a6.6
32.6
39.8
1:.:

19:7
10.5
10.6
19.5
5.3
0.7
6.5

21.9
3.7
2.4
9.6

11.2
6.8

S7ZNPNABE
WATER suB37RA72

4.8
39.5
46.*
64.3
k2.3
31.5
62.1
15.6
61.9
22.4
h5.6
*3.6
10.4
89.7
*2. 1
20.1
11.4
51.5
32.9

7.5

18.4
23.4

5:0

c1
8.3

le.o
3.3

;0

4.5
0.2
0.0
2.7
2.1
0.3

Ins

ED
ND
No
MA
m
ND
m
ND
no
“Aa

ND
m
ND
m
“Aa

86.2
59.3
m

~.7b

59.JF
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* organictid catalystbut aerosolOT was not used
in the synthesis;the matalystwas reducedIn
methanolas in Run 55. Herewe found46.6$of tbe

L tritiumin the organic,U .h$as water,5$ in the
substrateand no T2 remainingas gas. Ue
observethatthe use of eerosol-OT.killsthe reao-
tionof tritiumto the organiowhenmethanolis
usedin the reductionof platinumbutgreatly
enhancestheorgan10 reactionwhenthe reduoticm
is donein IIIIM. The remainingdatiin Table1
-es fim a so: so splitin the distributionof
motivityin the organicand aqueouspbeseafoC
platinumO!Ifirebrickto ● completedominanceof
the waterformingreactionfor othercatalystsand
substrates.Runs35 and 36 using300ppmT2 in

:. .argon showed 2:1 dominanceof the waterforming
.; reactionover the organio. This probably-s ●

resultof exchangevith tracequantitiesof water
preeentin the substratematarialdespitethe
effortato eoeuredryness. A blankwas run using
onlyU palladiumon firabrickin 500ppmT2 in air..
We foundthat76% on the inputT2 had reactedto
formwater (ETO,T20)undertheseconditions.

DXSCOSSIOU

Comparingthe w!tsrand organicreactionswe
findthatthe thermodynamicvalueado not tellus
much. The heatof formationof D20 IS -295
kJ/mol at 298°Kwithan equilibriumconstantof

tKeq=102. The hydrogenationof aliphaticalkynes
hasa heatof reactionof about-
equilibriumconstsntof Kq=1023.

&40kJ;ole and an

reactionswant to run to absolutecompletion.

To comparethe reactions,ratedatais need-
ed. The catalystprovidesen environmentin whiob
thermalenergyis usad to successfullypu~ up the
evenlyspacedmoleoularvibrationallevelsof H2
and 02 untildbsociationoocura. The energies
of diasoeiationfor 112 and.02are 436 and
498kJ/mle,7meaningthatatomsof bothwillbe
fomad simultaneously.We may oompan the f0l2u#-
ing roomtemperaturegas phasereactions,
the roteoonstants,k, are in co/mole-see:

fly

11+02 (’AK) CMi+o k= 3 X 10-13 (1)

W+ H2+H20*E k S 7 X 10-15 (2)

0+ B2+E+OI!I k x 3 X 1o-I8 (3)

R + H2C=CR2+C.$15 k s 1 X 10-12 (4)

H + BECE+” C2X3 k = 2 X 10-13 (5)

B+ H3C-CXCH+C325 k S 1 X 10-12 (6)

.. . lieass that the baaicnter forming reaotioma

.,. are mt fastoomparedto the organiareaotion.
Etheneis knownto be usedos an inhibitorof the
waterreactionby reaction(4)above.13

,,
Whatmakesthe fomation of waterso affioient

.

.> is the reactionon or nearthe oatalyst.The
.. meobanim IS unknown. It muld startwith

O+H+~ (7)

.
on the oatslystsurfacefollowedby reaction(2).
Platinumquicklyacquirea● coveringof o~gan
●toms,so that.reaction(3)is ●netherpossible
~cbaniam.14 We concludethetthereIe no
easyway to comparethe rateaof the waterand
organitireactionsfromfirstprinoiplea.

Two importantpointado emerge..Thafirstie
to try ta keep 02 away from the matalystsur-
face. To thisend,the organicshouldsurround
the catalystparticle.The lightermassT2 will
premeatethe organicup to am order of magnitude
fasterthan02.
gas sepWatim:l~%~i~Z~Z~~ ~&~~b~~&
distancebetweenthe oatalystad the orgenio
ehouldbe as akrt ●s possibleso that● tritium
atrm will meet few oxygenatcm mr moleouleaWhile
cliffusing. The matalyatparticlesshouldbe ●s
mall as possible. In the maseof our Pt or Pd
catalysts,thisdependson minutedetailsin the
aynthesiathatare largelytrialand error.

In an attempt@ bringthe metal●tom closer
to the triplebond we havemade some preliminary
investigationintoorganometallicoatalysta.
Vaska’a oatAlyet,chlorocarbonylbis(triphenyl-
phosphine)iridiwa(I),with the formulaIrCl(CO)-

(PPh3)2,wherePh Indicateaa phenylgroup,IS
knownto add F12(andO
●tom witha weak bond?~-$~m~~H~~~mtil.
regeneratedwhen irradiatedwithultravioletlight
so thetthisclassof compoundcouldbe an easy-
reganarativagetter.

Runs 38 and ~ were testaon the Iridiumcom-
plex in combinatiawith 1,4-diphenylbutadtynaon
firebriok.With m OV activationpriorto T2
exposure(Run38),the iridiumcomplex put only
11$of the tritiumin the organiophaseand 53$ in
the ●queous phase, leaving6% T2 unreacted.
QuitedifferentresultswereproduoedusingW
●ctivation,(Run44)~ uhere7% and 8% of the trit-
ium was foundin the organiaand ●queouephases
leaving59$ T2 unreactad.It may be thatthe
ir.idi~had alreadyreactedvith the “ace lane

’79triplebond,therebyblookingout the T2.
& the uae of no OV activationhydrogenwas never
purgedfromthe metalthuspreventingany T2
●dditionthere. The beta●otivityabovewas
enoughto initiatethe=tar =actia .m .-

The relativelysmallsmountof hot water
formedindicatesthatthe iridiumuy have
bondedozygenvben themixtureof 300Pw T2
in dry airwas ●dded. Wa plan to evaluate
the iridiwccomplexas ● gettervithout the
presenceof 1,4-diphenylbutad$ymato resolve
someof thisdata.

. . .
-—.
POTUREWmK

Our futureworktithgettersyste= ui21
includeoptimizingthe perfomanoa of the Pd/Pt
getteraas all ae furtherlnveatigatiomof
organometallieoomplexes.It b ●pparentthat
bringingthe metalatam and triplebondtogether
in ● single,fairlysimplemoleculewilloptimize

g ~;i:y ‘m ‘w”eSe” h ax-le u ‘p”whiohhe8 ●ll the basioparta

..-. —. —.— .
.—
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1s illui<ratedby our dielectrloOoiitant--i<aaure-”
ments at 1592HZ and 2830 V/m. LiquidT2 hZS 4
X 1010electricchargadmole,of which25 to 40% I
may be electrons. The ion yield ia onlyabout I
10-3ions pairs/100e.v. The gas ahowaabout
1012staticelectricchargeshole,regardlessof
density. Less than 2% of the chargesare probably;
electrons,and the ion yieldia 0.15 - 0.5 ions
pairs/100ev.

.-. ——.—-—-—. --—- ------ -----

Liquidtemperature[K)
*’

I
20 22 24 26

300{ I I

Gas

200-

●

•~

100-

0 200 400 600

1

It & clearthat chargeproductionla zmre
efficientin the gas than in the liquid. In the
gas,ionsand electronsare furtherapartand less
likelyto recombine. In both ozsee,however,Vir-”
tuallyall the ourrentis carriedby the high t

mobilityeleotronz. The ions are about2000 ttiea”
slower. They registeras staticcharges in the
dielectricconstant,but theyhave no appreolable
effecton the electricalconductivity.Electnona
may react to form tritideions and poaaiblyeven
largerspecies.22 This is why the percent of .
electronsla less than 50$.

1

Gas density(mole/m3 )
. ... .. . .! .-. .

Fig. 5. Electricalconductivityofgamoua and
liquidT2. Above200 mole/m3,the

Upon freezing,the solidpullsaway from the
wallsand electricalcontaotia lost. Over:
pressuresof 1 atm do not help. W are pMSentlY ;
buildinga 200 atm eleotrloalconductivitycell to
attackthl.aproblem.

gas is a-betterconductor.
. .

tial rotationalq-uaht=””numberJ of the
abeorbingmolecule. ...

\.
CONCLUSIONS

5. J. L. Hunt, Universityof Guelph,Guelph,
Ontario,Canada,privatecommunication,
March 27, 1980.

Our goal ia m accumulateenoughdata on
cryogenic&T to allow fusionengineersto feel
comfortablewith thie potentialfuel. To this
end,we are workingon D2-T2chemicaland
rotationalkinetics,solidthermalconductivity,
and electricalproperties...

6. P. C. Souem, CryogenloHydroRenData Perti-
nent to MauneticFusionEnergy, Lawrenca “
LivermoreLaboratoryReportUCRL-52628
(1979),PP. 57, 67.
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